Abstract: This paper investigates the productivity growth and efficiency change of selected automobile industry in India during [2009][2010][2011][2012][2013][2014][2015]. This study uses data envelopment analysis (DEA) technique to measure the productivity growth and efficiency change. The empirical findings suggest that the segments of the automobile industry, i.e., passenger vehicles, commercial vehicles and two wheelers have positive productivity growth in the recent period. However, our study found that commercial vehicles are more efficient as compared to passenger vehicles and two wheelers firms. Further, by applying DEA multistage approach to examine the sources of inefficiency. Our results reveal that excess inputs in near about 50% firms are cause of inefficiency and these inefficient firms can become efficient by targeting the peer group with the help of reducing the input sets which are overused in the production process.
Introduction
The automobile industry in India is one of the key sectors of the economy in terms of both contributing to growth towards the economy and providing employment opportunities (Sahu and Narayanan, 2015) . The Indian automobile industry has gone through several phases in the last five decades. The first stage just after the independence, i.e., pre-1981 was governed by regulation through government licenses to curb imports, capacity expansions, collaborations and technology transfer. In this stage, the growth of the market was limited by the supplier, the products were outdated as compared to the global product. Only a few domestic companies were operating in this industry (Bruche and Waldchen, 2013; D'Costa, 2011) . In the second stage (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) , the government decided to setup Maruti Udyog in collaboration with Suzuki Motor Company of Japan; this leads to increase the demand for Indian automobiles (Saranga, 2009) . Finally, the third stage came just after the liberalisation period (1991) . The MNCs were free to entry into Indian automobile markets as the market was open up with 100% FDI in the automobile sector (Kaushik, 2009 ), but they entered into joint ventures with Indian partners. After that, the performance of the manufacturing sector with the presence of automobile industry has grown progressively (Bruche and Waldchen, 2013) . India is the sixth largest vehicle manufacturer at globally. At the same time, it is the largest manufacturer of tractors, second largest manufacturer of two wheelers, a fourth largest passenger car market and fifth largest manufacturer of commercial vehicles in Asia (12th Five Year Plan Reports) . In 2013-2014, India exported 3.1 million vehicles to more than 40 countries around the world which included 0.59 million passenger cars, 0.07 million commercial vehicles, 0.35 million three-wheelers and 2.08 million two wheelers. Recently, the automobile industry employment has increased by 13.1 million people. Society of Indian automobile manufacturing (SIAM) is the apex national body representing Indian automobile industry. The Indian automobile industry consists of passenger cars and multi-utility vehicles, commercial vehicles, two or three wheelers. Among them, two wheelers market capacity is higher than others. India is the second largest manufacturer of two wheelers which set the goal of selling 75% of the total vehicles in the country. A rapidly growing middle age population with increasing their standard of living and easy availability of finance has increased the vehicle demand in the recent era in India and encouraged the government to invest more in this industry and its periphery (Venugopal, 2005) . Recently the Government of India (2006) set a mission plan 2016 and 2026 for the development of this industry. The AMP 2026 sets the target that Indian automotive industry should become the engine of the 'Make in India' program as it is amongst the principal drivers of the manufacturing sector. To achieve this target, it is imperative to analyse the performance of Indian automobile industry.
India's automobile industry is one of the most competitive in the world. When an industry faces heavy competition, therefore, survival firms in automobile industry heavily depends on the firm's performance. In other words, examining the performance of firm's by looking at its productivity and efficiency are imperative. This paper makes an attempt to examine the productivity growth and efficiency change in Indian automobile industry.
There are few studies which discuss various issues pertaining to Indian automotive and automobile industry. Sharma (2004) examines the performance of Indian automobile industry by measuring the productivity and found that Indian automobile industries are not performing well after the post-liberalisation period. Banga (2004) examines the productivity growth of selected automobile firms in India by emphasising on ownership pattern. The results show that firms which are receiving FDI from Japan are more productive and efficient as compared to domestic firms as well as the US-affiliated firms. This study also finds that inflows of FDI significantly enhance the productivity growth in case of Japanese-affiliated firms. Similarly, Saranga (2009) explores the efficiency and its determinants using data of Indian auto component industry and notice most of the auto component firms were inefficient. Mazumdar and Adhikary (2010) measure firm-specific time-invariant technical efficiency (TE) in the Indian automobile industry. They find that age of firm since inception is inversely associated with TE where market share of the firm is positively associated with TE. Saxena and Sukla (2012) investigates the role of the automobile industry in global and India and found that Indian automobile and autocomponent industry growth is in down trading than global auto industries. Manello (2012) examines the productivity of domestic and foreign multinational firms of Turin automobile industry with the help of data envelopment analysis (DEA) approach. He found that due to the good practice among the domestic-owned firms their productivity is higher than the multi-national firms. Vijayakumar (2013) explores the productivity growth and its component in case of Indian automobile industry after the liberalisation period. By using the Malmquist productivity index, the results reveal that most of the Indian automobile companies are less productive and hence provide the policy suggestion for improving the productivity of automobile industry.
Although there are few studies which focused the productivity growth and efficiency of Indian automobile industry both before and after liberalisation, but our study differs from the existing literature in following ways.
First, while previous studies (see Mazumdar and Adhikary, 2010; Gaddam, 2013 ) mostly focused by examining the productivity and efficiency of aggregate automobile sector, we add to the existing literature by examining productivity growth and efficiency change for three segments of automobile industry. The automobile industry in India broadly segregated into commercial vehicles, passenger vehicles and two wheelers firms. Since these firms are producing differentiated products, therefore, it is important to examine and compare the productivity growth rates.
Second, Mazumdar and Adhikary (2010) examined the time-invariant TE of Indian automobile companies using stochastic frontier analysis (SFA), whereas, we use the DEA not only to estimate the total factor productivity growth (TFPG), but we decompose TFPG to examine whether Indian automobile firm's productivity growth driven by technical change or technical efficiency change (TEC). Further, we examine whether TEC is mainly driven by pure technical efficiency change (PTEC) and scale efficiency change (SEC) (Rath, 2017) . The previous studies examined this issue by using data till 2007. However, the present study uses the latest periods using annual data from 2009 to 2015.
Finally, we innovated our paper by exploring the source of the inefficiency problem of Indian automobile firms and address this problem with the help of multi-stage DEA approach (Triantis, 2003) .
The rest of the paper is organised as follows. Section 2 presents the methodology; Section 3 describes the data; Section 4 briefly illustrates the empirical results and finally, Section 5 concludes.
Methodology
The estimation of productivity and efficiency has been analysed and extended in many directions in the literature. But broadly, most of the studies either estimate through the parametric frontier analysis developed by Aigner et al. (1977) and the other is the non-parametric DEA approach which is developed by Charnes et al. (1978) . The present study used the well-known non-parametric DEA approach to analyse the productivity and efficiency of Indian automobile industries. DEA approach allows us to use both constant as well as variable returns to scale (VRS). The present study has used the constant returns to scale (CRS) model because of its unbiased nature of various decision-making units (DMUs). DEA uses the principle of linear programming theory to examine about a particular DMUs differ from other DMUs over the sample period. It constructs an efficient production frontier for the firm based on the best practices over the dataset. The firms are on the frontier surface are considered as efficient with holding the value of one and the firms who are lying below the frontier are said to be inefficient firms obtain the value less than the unit. Our study uses automobiles firms as DMUs followed by Manello et al. (2016) and Manello and Calabrese (2017) . The DEA model is defined as follows.
The Malmquist TFP indices and estimation procedure in DEA
For the measurement of productivity, the study applied Malmquist productivity index. The index has several advantages like no need to specify a particular functional form, no assumption regarding market structure or economic behaviour, it does not require information on prices and it allows for inefficiency. Using DEA, Malmquist indices of productivity change are decomposable into components of changes in TE and technology progress; again the TEC is decomposed into PTEC and SEC (Triantis, 2013; Rath, 2017) . The Malmquist productivity index is explained using the distance function to measure productivity change and compare the performance of firms between period 't' and 't -1'. It is of two types: input oriented and output oriented, where input-oriented distance functions look for input quantities to be proportionally reduced without changing the output quantities produced. Output-oriented distance functions, consider the output quantities to be proportionally expanded without altering the input quantities used. The Malmquist approach is most commonly used for output comparisons (Chen, 2011; Manello, 2012) . Hence, we adopt an output-oriented approach of computing TFP in this paper. However, in case of CRS, output-and input-oriented measures provide equal measures of TE. In this study, we assume that all the industries are operating at an optimal scale.
DEA involves the use of linear programming methods to construct a non-parametric piecewise frontier technology expressed by the following production possibility set: S = {(x, y): y can be produced by x} =
where x is the input vector, y is the output vector, index m for type of output and index n for type of input. The variables λ j (j = 1, …, J) are non-negative weights and we define the CRS. Here that the production set is convex includes all points and envelopment is done with minimum extrapolation. The output-oriented Farrell radial efficiency measure, Φi, for each unit of i of a set of J observations is calculated by solving the following linear programming setup:
Here, the output is measured by the same factor, Φi until the frontier is reached to the definition of Farrell efficiency measure. The Malmquist TFP index highlights the TFP changes between two data points by calculating the ratio of the distances of each data point about a standard technology. If the period 't' technology is used as the reference technology, the Malmquist (output oriented) TFP change index between period 's' (the base-period) and period 't' can be written as:
Alternatively, if the period 's' reference technology can be defined as
Note that in the above equations the notation (q, x) represents the input and output, respectively. Similarly, the notation
d q x represent the distance from the period 't' observation to the period 's' technology. A value of m 0 greater than one indicates that there is positive TFP growth from period 's' to period 't', while a value less than one indicates a declining TFP growth. To avoid the necessity to either impose the restriction or to arbitrarily choose one of the technologies, the Malmquist TFP index is often defined as the geometric mean of these two indices Fare et al. (1992) . That is
, ,
The distance functions in this productivity index can be rearranged into TEC index and index of technological change: 
We observe that the ratio outside the square brackets in the above equation calculates the change in the output-oriented measure of Farrell TE between periods 's' and 't'. The remaining part of the index in equation (7) is a measure of technical change. Thus, the two terms in equation (7) Fare et al. (1992) suggest that TEC can be decomposed into SEC and 'pure' technical efficiency change (PTEC) components (this can only be done when the distance function is estimated through CRS technology). Thus, equation (8) 
From equation (11), the SEC component is the geometric mean of two SEC measures. The first is related to period t technology and the second about the period 's' technology. The other subscripts 'v' and 'c' relate to VRS and CRS technologies, respectively.
Data
The Table 1 shows the summary statistics of inputs and output variables used in DEA framework to obtain TFP growth and efficiency measures. We consider gross sales as output and materials cost, energy cost, labour cost and net fixed asset proxy for capital cost as input variables (Triantis, 2003; Manello et al., 2016; Manello and Calabrese, 2017) . All values are in million rupees. From the summary statistics, we observed that commercial vehicle possesses maximum gross sales (output), i.e., Rs.476,233.7 million than the passenger vehicles and two wheelers. But in case of mean gross sales, passenger vehicle is ahead than commercial vehicle and two wheelers. Similarly, in case of input variables commercial vehicle possesses maximum value of materials cost, energy cost, labour cost and capital cost than the passenger vehicles and two wheelers. The result of standard deviation pertaining to output indicates that firms related to commercial vehicles segment varies from their mean value as compared to passenger vehicles and two wheelers. Similarly, in case of input variables the commercial vehicles standard deviation varies from their mean value than other two industries which is clearly shown in Table 1 . 
Summary statistics of inputs and output variables

Empirical results
We divide the empirical results into two sub-sections. First, results of TFP growth and its decomposition based on DEA, Malmquist index and second sub-section is based on the multi-stage method of DEA, which measures the source of inefficiency of automobile firms and the peer targets through the measure of input and output slacks.
Analysis of Malmquist index method for TFPC and TEC
The output-oriented Malmquist Index has been estimated using DEA technique. There are five different dynamic indices under Malmquist Index, these are:
1 total factor productivity change (TFPC) 2 TEC 3 technological change or progress (TP) 4 PTEC 5 SEC. Table 2 shows that in the case of TEC score of four out of eight firms from passenger vehicle segment and five out of six firms from commercial vehicles segment is positive during the recent period, but in the case of two wheelers only three firms have positive growth out of six firms. This indicates that TEC of passenger vehicles and commercial vehicles are increasing over the years, but not in the case of two wheeler segment. As a result, the mean efficiency score is negative, and this inefficiency is due to SEC. As we know, that TEC has decomposed into PTEC and SEC. So, any changes in PTEC and SEC will affect TEC. Their scores are also shown in the last two columns of Table 2 . PTEC is related to the long-run. Thus, from the score of PTEC, we can say that in the long-term, all firms from the passenger vehicles segment are efficient with scoring one, whereas Honda Cars India Ltd. automobile firm is considered as inefficient firm in the long-term with scoring PTEC (0.998). Similarly, in case of commercial vehicles segment all firms are efficient over the long-term, but in case of two wheelers segment, all firms are maintaining their long-term efficiency with scoring unit PTEC except TVS Motor Co. Ltd. In this case, there is no improvement of pure and scale efficiency during the overall period. The above result of three segments reveals that most of the firms are productive, but at the same time they are not fully efficient. Table 3 shows the year-wise estimates of TFPG, TEC, TP and components of TEC. The results indicate that there are fluctuations among these indicators over the years. First, in the case of passenger vehicles segment, productivity improvement has recorded in three years, i.e., 2010, 2011 and 2012, but after that from 2013 to 2015 there is a reduction of productivity growth. When it comes to TEC, our results indicate that the firms under passenger vehicles segment are more efficient in 2011 and 2012 as compared to other years. The remaining year's firms are inefficient due to the long-run instability of PTEC. Secondly, in the case of commercial vehicle segment productivity growth declines in 2011 and 2012, but started increasing in subsequent periods. However, the efficiency scores show that firms belong to commercial vehicle is efficient except the year 2012. This inefficiency of 2012 is due to the long-run inefficiency score of PTEC. After 2012, both PTEC and SEC score improves, the efficiency of the commercial vehicle is better up and become more efficient after 2012. Lastly, in the case of two wheelers, segment productivity growth improves over the year except 2013 and 2015. The TFP growth is mainly driven by technical change not by TEC. The mean results of TEC score reveal that the inefficiency is due to the instability of both PTEC and SEC. The trends of TPFG, TP, TEC and their components for the Indian automobile industry of three segments, i.e., passenger vehicles, commercial vehicles and two wheelers are clearly shown in the following figures. From Figure 1 , the trend line indicates that the productivity growth and efficiency trend of passenger vehicles have increased up to 2012 and after that both of them declined and became negative. But from Figure 2 , the study reveals that the productivity and efficiency growth of commercial vehicle have instantly dropped after 2010 shows negative growth till 2013. But all these indicators become stable at 1.000 from 2013 to 2015, which implies that the TFPG, TP and TEC are neither increased nor declined. Whereas in case of Figure 3 , the TFP is positive up to 2014 and after that it declines, but the trend of TEC is fluctuating over the years, this shows that inefficiency of two wheelers industry which is affected by its component PTEC and SEC. 
Source of inefficiency multi-stage DEA approach
The inefficiency of automobile firms can be easily identified by knowing the input and output slacks of each inefficiency firm. Input slacks of a particular firm identify that there is an excess of inputs of that firm which needs to be reduced for improving the efficiency. Similarly, output slacks show there is a shortage of output of a firm and hence, firm requires increasing the output to become efficient. Thus the firms should improve their efficiency according to their slack variables. This paper uses the multi-stage DEA approach for identifying the input as well as output slacks of each firm.
With the help of multi-stage DEA approach, the study calculated technical efficiency (TE) scores of Indian automobile firms for the year 2015. The result shows that 11 firms out of 20 automobile firms from three segments have scored 1.000 and thus considered as technically efficient firms, whereas, remaining nine automobile firms are scored less than one, these are considered as technical inefficient automobile firms. These inefficiency firms and their efficiency scores are presented in the following Table 4 . The results show that Mahindra Reva Electric Vehicles Ltd. from passenger vehicle segment has lower TE score 0.649 as compared to other inefficient firms. Similarly, in case of two wheeler segment, Mahindra Two Wheelers Ltd. is the least performer with the score 0.672. Based on the inefficiency of these nine automobile firms reported in Table 4 , we use input and output slacks of these firms. The technical inefficiency of Indian automobile firms can be solved either by decreasing inputs slacks or by increasing the output slacks which are shown in Table 5 . In our case, there is no need to increase the output as all slacks value is zero for all inefficient firms, but we have to reduce the input slacks. In the case of passenger vehicle segment, Fiat India Automobiles Pvt. Ltd. and Honda Cars India Ltd. firms have to reduce their capital cost by Rs.6, 636.3 and Rs.5, 866 .7 million respectively to reach the efficient level. For achieving the efficient level, Mahindra Reva Electric Vehicles Ltd. has to reduce its labour cost by Rs.202.9 million and capital cost by Rs.531.9 million. Similarly, Volkswagen India Pvt. Ltd. should reduce its labour cost by Rs.118.5 million and raw material cost by Rs.2,100.7 million to avoiding the inefficient level. Similarly, in case of commercial vehicle industry segment, Daimler India Commercial Vehicles Pvt. Ltd. has to reduce its capital cost to Rs.11,750.7 million and labour cost by Rs.119.4 million to catch up the efficient level. Force Motors Ltd. also needs to reduce its energy consumption by 77.7 million rupees to reach its peer group. In case of two wheeler industry segment LML Ltd., Mahindra Two Wheelers Ltd. and TVS Motor Co. Ltd. have the three inefficient firms and it would be preferable for those firms if they reduce labour cost, capital cost and energy cost as per the figures mentioned in Table 5 to reach the efficient level. 
Conclusions
The emergence of automobile sector in India plays a vital role for in terms of its contribution to economic growth. The 'Make in India' program initiated by the Honourable Prime Minister in 2014 further signifies the importance of automobile sector towards maintaining the higher economic growth of our country. In this context, examining the economic performance of leading Indian automobile firms is imperative.
Although there are few studies in the past, which examined the performance of Indian automobile and automotive firms, by looking at their productivity growth and efficiency change. However, to our best of knowledge, this the first study which measured the productivity growth, efficiency change and sources of inefficiency by targeting the major automobile companies.
This paper used the DEA to measure the productivity growth and its components of Indian automobile industry. The analysis was carried out based on 20 major automobile firms using annual data from 2009 to 2015 collected from the CMIE prowess database. The results obtained from the paper can be summarised here. First, the results show that the mean productivity growth of aggregate automobile industry as well for three segments, i.e., passenger vehicles, commercial vehicles and two wheelers show positive during 2009-2015. However, there were four firms belong to passenger and commercial vehicles whose productivity growth was negative. Second, our results revealed that the TFP growth rates of automobile industry in India are mainly driven by TEC not by technical progress. But the results do vary when we compared three segments. By looking at segments, we noticed that the productivity growth of commercial vehicles is mostly driven by TEC. However, in case of two wheelers firms, the mean TE score was negative. That implies that in case of two wheelers segment, the positive productivity growth is mainly driven by technical progress. Third, we found that the firm's TEC is mainly contributed by the pure technical efficiency not by the scale efficiency. This finding revealed that automobile firms show efficient in the long-run and it is mainly because of technical know-how not by economies of scale. Finally, the DEA multi-stage approach was used to find out input as well as output slacks. Nine firms are considered as the inefficient firms and results through multi-stage approach indicate that overuse of inputs are main causes for the inefficiency. Therefore, these firms need to reduce the inputs to attain full efficiency.
In light of the above findings, this study comes up with following policy implications. First, since we found that the mean TFPG of automobile industry was positive in most of the years since 2010, therefore, the government should encourage these firms by helping them either in bringing new technologies or provide incentives for improving their R&D activities. Further, most of the earlier studies found that the automobile industry was inefficient; however, our study clearly indicated that firm's mean TEC is positive in recent years. Of course, there are some firms which were relatively inefficient as compared to their peer. Those firms need to use the inputs effectively to reduce the production costs, which would help them to be in competition. As study by Banga (2004) , found that higher inflow of FDI from Japan increased the productivity growth in the automobile sector, therefore, recent policy for allowing 100% FDI would eventually help Indian automobile firms to become more productive and efficient in the long-run. Our results also reveal that the two wheeler firms are least efficient as compared to passenger and commercial vehicles. In this regard, the government should emphasise on these two wheeler firms as India is the second largest manufactures in the world.
